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REMARKS 

Claims 1-33 are pending. By this Amendment, a Substitute Abstract is 
submitted; a Substitute Specification is presented; Figures 17-1 9(B) are amended; and 
Claims 1-33 are amended. As the claims are amended primarily to address 
informalities therein, and because support for the additional feature(s) added to Claim 1 
herein by amendment is provided in the application as originally filed, Applicant 
respectfully submits that no new matter is presented herein. 
IN THE DRAWINGS : 

Figures 17-1 9(B) are objected to for not being labeled with a -Prior Art- legend 
because only that which is old is illustrated therein. Applicant has responded to the 
objection by amending Figures 17-1 9(B) to include a -Prior Art- legend. Withdrawal of 
the objection is respectfully requested. 
ABSTRACT : 

The Abstract of the disclosure is objected to for containing improper language 
and for not being in proper format. Enclosed herein is a Substitute Abstract that is 
believed to be responsive to the objection. A marked up copy of the originally filed 
Abstract is also presented herein indicating the changes made thereto. Applicant 
respectfully requests withdrawal of the objection. 
SPECIFICATION : 

The Office Action objects to the originally filed Specification and requires a 
Substitute Specification, excluding the claims, be submitted due to the presence of 
grammatical errors and awkward syntax in the originally filed Specification. Enclosed 

herein is a Substitute Specification addressing the stated basis of the objection. 
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Applicant has amended the Specification in a manner believed to be responsive to the 
requirement and without introducing any new matter therein. Applicant respectfully 
requests withdrawal of the objection. 
Claim Rejections - 35 U.S.C. S102/S103 

Claims 1-8 and 21-33 are rejected under 35 U.S.C. §1 02(b) as being anticipated 
by United States Patent Number 6,032,342 to Kawabe et al. (Kawabe); and Claims 9-14 
and 15-20 are rejected under 35 U.S.C. §1 03(a) as being unpatentable over Kawabe. 

Applicant respectfully traverses the rejections for at least the following reason(s). 

Claim 1 recites a carding machine for bundled fibers including a feed roll wound 
with the bundled fibers; a carding unit to card the bundled fibers drawn out from the feed 
roll with a fluid that flows in a direction that is orthogonal relative to a moving direction of 
the bundled fibers; and a rewind roll that rewinds a carded sheet formed by the bundled 
fibers that are carded in the carding unit, wherein the carding unit includes an internal 
frame that forms a fluid flow path, and a plurality of supporting parts placed along the 
moving direction of the bundled fibers between a front end and a back end in the 
moving direction of the bundled fibers within the frame. 

Benefits derived from the structural arrangement of the features recited by Claim 
1 are that: 1) a fiber height detection unit is not required as is the case in conventional 
carding machines; 2) a detection signal from such a fiber height detection unit is not 
needed to be feedback to a driver motor of a drive roll for a front feeder; 3) an upstream 
front feeder and drive motor can be omitted, thereby substantially reducing the number 
of parts needed for the machine; 4) a total length of an airflow carding action unit can be 
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reduced; 5) an overall weight of the carding machine is reduced; and 6) the overall 
manufacturing cost of the carding machine is reduced. 

Kawabe does not disclose, teach or otherwise suggest a carding machine having 
the feature(s) recited by Claim 1. 

For example, as shown in Figures 2, 11, 16, 21, and 23, while Kawabe discloses 
a suction cavity (4) having an aperture (41) that draws the multi-filament (F) therein so 
as to archly bend the multi-filament (F) due to velocity of the suction air blowing into the 
aperture (41), Kawabe does not disclose, teach or otherwise suggest a plurality of 
supporting parts that are laced along a moving direction of the bundled fibers between 
front and back ends in the moving direction of the fibers within an internal frame that 
forms a fluid flow path Rather, Kawabe teaches the suction cavity (4) is located 
below the moving multi-filament (F) such that the aperture (41) is open and receives a 
portion of the moving multi-filament (F) therein. A bending sensor (44) is provided in the 
suction cavity (4) to constantly measure a bending amount of the multi-filament (F) and 
sends a control signal corresponding to the measured value to a motor (33) of the front 
feeder (3) and controls the rotating speed of the roller to maintain a fixed bending 
amount of the multi-filament (F). See column 7, lines 19-23 and the paragraph bridging 
columns 7 and 8. 

As is clear from the above, Kawabe teaches a conventional carding unit having 
the features, and deficiencies resulting therefrom, that is described in the beginning of 
Applicant's application. Accordingly, Kawabe suffers from at least the drawback of 
excessive feeding bundled fibers in the flow path having to (i.e., must) be bent or 
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formed into an arc shaped by the suction cavity (4) below, which is an indispensable 
element of the apparatus disclosed by Kawabe. 

Moreover, Kawabe does not disclose, teach or otherwise suggest a carding unit 
that has the internal frame and plurality of supporting parts placed along the moving 
direction of the bundled fibers within the frame. Rather, Applicant respectfully submits 
that Kawabe expressly discloses the multi-filament (F) is maintained in a bent 
configuration while passing through the suction cavity, and therefore specifically 
teaches away from the invention recited by Claim 1. Further, Kawabe cannot provide 
the benefits provided by the claimed invention and suffers from the drawbacks and 
deficiencies of the conventional machines the present invention overcomes. 

Put simply, Kawabe does not disclose, teach or otherwise suggest each and 
every feature recited by Claim 1 . 

To qualify as prior art under 35 U.S.C. §102, each and every feature recited in a 
rejected claim must be disclosed by the applied art. For at least the reasons provided 
above, Applicant submits that Kawabe does not disclose or suggest each and every 
feature recited by Claim 1. Accordingly, Kawabe does not anticipate, nor render 
obvious, the subject matter recited by Claim 1. Therefore, Applicant respectfully 
submits independent Claim 1 should be deemed allowable over Kawabe. 

Claims 2-33 depend from Claim 1. It is respectfully submitted that these 
dependent claims be deemed allowable for the same reasons Claim 1 is allowable, as 
well as for the additional subject matter recited therein. 

Applicant respectfully requests withdrawal of the rejections. 
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Conciusion 

In view of the foregoing, Applicants respectfully request reconsideration of the 
application, withdrawal of the outstanding objections and rejections, allowance of 
Claims 1-33, and the prompt issuance of a Notice of Allowability. 

Should the Examiner believe anything further is desirable in order to place this 
application in better condition for allowance, the Examiner is requested to contact the 
undersigned at the telephone number listed below. 

In the event this paper is not considered to be timely filed, the Applicant 
respectfully petitions for an appropriate extension of time. Any fees for such an 
extension, together with any additional fees that may be due with respect to this paper, 
may be charged to counsel's Deposit Account No. 01-2300, referencing attorney 
docket number 100725-00145. 



ARENT FOX LLP 

1050 Connecticut Avenue, N.W., Suite 400 
Washington, D.C. 20036-5339 
Tel: (202) 857-6000 
Fax: (202) 638-4810 

MO:elp 

Enclosures: Replacement Figs. 17-1 9(B) 

Clean Copy of Substitute Specification 
Marked-Up Copy of Substitute Specification 



Respectfully submitted, 



Customer No. 004372 
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iCarding Machine for Bundled Fibers 



TECHNICAL FIELD 

TMs fOQQl] The invention relates to a machine that cards bundled fibers, wherein the bundled 
fibers composed of many fiber filaments travel through a carding unit? into which fluid flows 
or t hogonal prthogonally relative to the moving direction of the bundled fibers a pplyin gand 
wherein a moving force is applied to the bundled fibers so as to extend its , a widthwise 
direction te~~eard ophe bundled fibers being extended so the bundled fibers can be carded 
into a sheet. 



BACKGROUND ART 

[0002] In recent years, many fiber-reinforced composite materia l have been developed in 
which a reinforcing material, such as carbon fibers, glass fibers, or aromatic polyamide fibers 
as reinforcing material are impregnated in the form of a filament or fabric form into a matrix 3 
like a synthetic resin , have been developed and are available on the market, a 
[0003] By correctly selecting feeth-the matrix and reinforcing material, these the known fiber- 
reinforced materials have a wide-range of excellent properties that can be matched to utilized 
based on the desired objective of use with respect to mechanical strength, heat resistance, 
corrosion resistance, electric properties, and weight reductions-Had The known fiber-reinforced 
materials are widely used in the field o f such techn ical fields as aerospace, land transportation, 
shipping, building, construction, industrial parts, and sporting goods. 

[00Q4] There are two t yp es o f usage common uses of the reinforcing fibers. One common use 
is where the structure niaterial is impregnated with the reinforcing filaments mto to form a 
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matrix; while the other use is by parallel alignment of many filaments wide enough to cover the 

width of the matrix. In the latter typeuse, it is desirable to make the contact area between the 

matrix and reinforcing filaments as large as possible. Therefore, many reinforcing filaments that 

are treated with an adhesive (sizing agent) are bundled in a form of w hile having either a flat or 

ellipsoidal cross-section to form the bundled fibers, in which each reinforcing filament is aligned 

so as to minimize the space between them, yielding wherein a thin but wide carded sheet is 

obtained . Impregnation of tMs the carded sheet in the matrix promotes the matrix to impregnate 

into the minimum space, maximizin g being impregnated into small spaces, wherein the contact 

area between the matrix and the reinforcing filament and showing the maximum fiber ig 

maximized, and the reinforcing filaments help maximize the reinforcing effects bygf the 

r e inforcing filament s, fibers^ 

Fo r thi s purp ose fOOOS] Accordingly , an airflow carding machine for the-bundled fibers is 
proposed . disclosed in Japanese Patent Publication No. 3,064,019, wherein a so called suction 
wind tunnel pipe with a required traverse predetermined width is placed facing positioned to 
face a moving path frem of bundled fibers provided bv a supply unit (feed roll) o f bundled 
fibers to a take-up section (rewind roll), and wherein the bundled fibers (for example, 
multifilament) are continuously suctioned in a certain overfed condition are continuously 
suction e d to bend the bundled fibers into a crescent shape and to card so the fibers can be 
carded in the widthwise direction (J apan ese P at e nt P ublication No. 3,06 4 ,019 ). ^ 
[00061 The airflow carding machine for the bundled fibers disclosed in-this Japanese Patent 
Publication No. 3,064,019 can effectively card in p arallel s-fee bundled fibers of very long 
multifilaments in parallel without causing damage. 
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[0007] As shown in FIG. 17, the bundled fibers 1 are drawn eut-from a feed roll A4hat , and 

then tr a vels travel through affront feeder 2, which is composed of i ncludes a drive roll 2a and a 

free revolving roll 2b, into which an airflow carding unit 3 cards the fibers 1 to yield a carded 

sheet la. This The carded sheet la is fed through a back feeder 4 to rewind the sheet la around a 

rewind roll B, and wherein the degree of bending of the bundled fiber 1 traveling through g 

suction wind tunnel 3a mgj[ the airflow carding unit 3 is detected by theg fiber height detection 

unit 5 in the airfl o w ca r ding machine for the bundled fibers 1 . gL 

As shown in this figure, the fiber height detection unit 5 tries to use a method of 
controlling [00081 The fiber height detection unit 5 controls the level of bending of the 
bundled fibers 4^1 by pressing down on all of the whole bundled fibers 1 with a wire-like fiber 
height sensor unit 5 S . det e cting a, and then detects the location of a retaining unit 5b that is tied 
with thisthe fiber height sensor unit 5a by a sensor 5c, which feeds back the detected signal to a 
driver motor of the driving roll 2a in the front feeder 2. It adjusts the . The number of revolutions 
and controls the amount of the bundled fibers 1 drawn out by the drive roll 2a and free revolving 
roll 2b , adjusting for amount of overfeeding and controlling is adjusted according to the 
amount of bundled fibers being overted as well as to control the amount of bending 
occurring to the bundled fibers . 

DISCLOSURE OF INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0009] As shown in FIG. 18, more than one airflow carding unit 3.sub.l, 3.sub.2,3 i^j2 S and 
3. sub .32| is aligned to form a multistage section in the moving direction of the bundled fibers 
since a single airflow carding unit 3 alone cannot sufficiently card the bundled fibers collected 

2 



MARKED-UP COPY 
OF SUBSTITUTE SPECIFICATION 



with many filaments . In this case, as shown in FIG. 18, feed roll units 2.sub .l, 2, sub. 2, 

2 , sub ,3,2i <> 2fr 2 3^ and 4 are installed before and after each airflow carding unit 3.sub.l, 

3. sub.23 j. 3g» and 3. sub .33g together with the aforementioned fiber height detection units 
S. su b. L 5 . sub . 2> 5j. 5g» and 5. sub. 3 5a at each airflow carding unit 3.sub.l, 3.sub.2, 3uJ£ 2» and 
3. sub, 3, 2^ respectively, in order to make the carding process proceed smoothly at each airflow 
carding unit 3.sub.L 3 .sub. 2. and 3, sub, 3, 3^3 g. and 3j A 

SUMMARY OF THE INVENTION 

The main o b jective fOOlO] An aspect of the present invention is to provide a carding machine 
capable of continuously carding the-bundled fibers without detecting having to detect the level 
of bending of the bundled fibers in the carding unit by using the fiber height detection unit that 
feedbacks rtsg detected signal to the driver motor fefgf the drive roll of the front feeder drive 
roll to control the depth of bending as is done in a the aforementioned conventional airflow 
carding machine. 

[0011] Another purpose aspect of the present invention is to provide a compact, lightweight, 
and economical carding machine for the bundled fibers , wherein more uniform and highly carded 
filaments can be are constantly produced by use o f using one or more supportive parts with a 
small diameter in the carding unit. 

[0012] _ An additional objective aspect of the present invention is to simplify the support 
structure of the feed roll such that the required space for installation is reduced and ob ta in a 
carding machine with multiple spindle spjndles or multiple spindle multistage bundled fibers Js 
obtained . 

MEANS FOR SOLVING PROBLEM 

[00131 In order to achieve the aforementioned objcctive aspects , the carding machine for 
bundled fibers in the present invention is first characterized by having thc in eludes a carding unit 
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to-eard which cards the bundled fibers that are fed from a feed roll wound with the bundled 
fibers; by flowing fluid in a direction that is orthogonal relative to the moving direction of the 
mo ving bundled fibers; by having a rewind roll rewinding the carded sheet in the carding unit; 
and by having one or more supportive parts placed in a eerta mpredetermined interval along the 
moving direction in the aforemen tio ned carding unit . 

I n t hi s s et up [00141 According; to the above-described structural configuration , the direction 
that the fluid flows in the carding unit can either suction the fluid flowing downward, from above 
to below, or flowing upward, from below to above, so long as the fluid flows in the direction 
that is orthogona Urelative to the moving direction of the bundled fibers. Similarly, this 
relationshi p h ol ds i n the case where the the suction fluid flow direction can be such regardless 
as to whether the fluid flow direction is fro m right to left or f r o m left to right. 
[0015] Increasing the number of supportive parts in the said-carding unit reduces the interval 
distance^ as well as the bending of the bundled fibers 5 between the supportive parts, whereas 
increasing tbekthe diameter of the supportive parts increases the modulus number of 
supportive parts to prevent bending and reducing their interval distance, leading to a decrease of 
bending of the bundled fibers between the supportive parts. However, increasing the number of 
supportive parts or the diameter thereof tends to excessively reduce the flow area of the fluid, 
along with reducing the interval distance, resulting in a decrease in the carding efficiency of the 
fluid. Therefore, the number, diameter, and interval distance of saidthe supportive parts 
need needs to be properly set according to the kind of bundled fibers, the diameter and number of 
the filaments, and the kind of a sizing agent. 

[0016] The aforementioned one or more supportive parts that are installed at a particular 
interval are properly placed can be positioned linearly-and 3 horizontally, tilted, or in a crescent 
shape, according to the type of bundled fibers, the diameter and number of the reinforcing 
filament, and the kind of sizing agent. (Prefer to FIG. \ (A), FIG. 6 (B), and FIG. 8 .) 
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In t h e c arding machine for the bundled fibers in th e p res e nt in v ention, the said carding 
unit is secondly characterized by h av in g a frame forming a f low path for t h e fl uid internally and 
possessing both a large diamet er g u i ding p a rt p laced at the fro nt an d back e nds of t h e g ui ding 
part in the moving direction of the bundled fibers and one or more small diameter supportive 
par t s placed between these guiding parts. 

Th e car ding machine for the bund le d fibers in the pres e n t i nv e nti o n is thirdly 
characterized by a guiding and/ o r supp o rtive part in the aforementioned carding unit having a 
roughly cylindrical form and a fixed or revolvable form around a shaft. 

The carding machin e for t he bundled fibers in the present invention is fourthly 
chara c t e riz e d by p lacing the aforementione d multipl e su ppo rtive parts in a p la n e or ro ughly , in a 
crescent, against the m o ving d i rection o f the bundled fibers, 

Th e carding machine for the bundled fibers in the present inv e ntion is fifthly 
chara c t e rized by pla cing t h e af oreme nt io n e d ca rding unit in multistage along the moving 
dir ect ion o f th e bundl ed fibers, 

The carding machine for the bundled fibers in the present invention is sixthly 
characterized by increasing stepwise or continuou sl y the width of the moving path of t h e bun d led 
fibers in the afo rem e nti o ned multistag e car ding unit w i th the dire c ti o n g oing from upstr e am t o 
d o wnstream . 

The carding machine for the bundled fibers in the present invention is seventhly 
characteri zed b y p la cing the s haft o f th e aforeme ntio ned feed roll in a ver ti c al direction. Here, 
" ver t ical direction" includes not only a geometrically perpendicular arrangement, but als o a tilted 
arr ange ment at a c erta in ang le relativ e to the perpendicular. 

The carding machin e fo r t he bundled fibers in the present invention is eighthly 
c hara c t er ized by pl a c in g mo re than one aforementioned fe ed ro ll s. 
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The carding machine for the bundled fibers in the present invention is ninthly 
characterized by p la cing mo r e th an o ne car din g un it in p arallel and o rthogonal t o t h e mov i ng 
direction of the bundled fibers. 

The carding machine for the bundled fibers in the present invention is tenthly 
characterized by c on s o l idat i ng th e c arding unit into a single carding form that shares a par t of the 
component part, wh ere in the c ar ding unit is placed in multistage along the moving direction of 
the aforem e nt io ne d b undl ed f ib e rs , and/ o r more than one carding unit is placed in parallel and 
orthogonal to the moving direction of the bundled fibers. 

An eleve nth ch ara c terization of the ca r di ng mach i ne for the bundled fibers in the present 
i nv e nt ion is a flu i d path filled with a heated fluid. 

A twelfth characteriza tion of t h e carding m ac h ine for the bundled fibers in the present 
invention is heating of the guiding and/or supportive parts in the aforementioned carding unit. 

A thirt ee nth characterization of the carding machine for the bund l ed fibers in the present 
inv e ntion is having the aforem e ntion e d guidin g and/or supportive parts with a built in heater. 

A fourteenth character izat io n o f the carding machine for the bundled fibers in the pres e nt 
invention is having the aforementioned guiding and/or supportiv e parts in a pip e shape, in which 
heated fluid is circulated. 

A fifteenth characteriz ation o f the carding machine for the bundled fibers in the present 
invention is having a slit in the aforementioned pipe shaped guiding and/or supportive parts that 
crosses i n the moving dir e ction of the bundled fibers, wherein the heat e d fl uid is ejected from 
this slit. 

ADVANTAGEOUS EFFECT OF THE INVENTION 

[0017] According to the first characteristic of the aforementioned structure of the carding 
machine for the bundled fibers in the present inv e ntion , the carding unit possesses one or more 
supportive parts arranged orthogonal relative to the moving direction of the bundled fibers and 
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the carding action in the conventional wind tunnel pipe performed by passing the bundled fibers 

and the carded sheet over one or more supportive parts aligned at small intervals is done before 

and after on both sides of the single supportive part, or continuously done before and after in 

small stepwise intervals for each of the more than one supportive parts, leading to more reliable 

carding action and better quality in carding. 

[0018] Furthermore, the bundled fibers moving in the carding unit is are constantly carded, 
responding to the alignment condition of one or more supportive parts. Therefore, it is not the 
fiber height detection unit required to use b% the conventional method, in which the height of 
the moving bundl ed fib ers is bal a n ced b y an airflow sucti on force with the tensi on of th e b undl ed 
fi ber s to b e n d in to a crescent form that is constantly detect ed by t he fiber height detection unit 
and fed back to the driver m o tor of the driv e r oll of th e front feeder to control for the amount of 
o v erfeed ing of t h e bundled fibers fed from the front feeder. Omitting th e fi b er height detection 
unit bet ween carding units in each step, as well as the front feeder, particularly i n a multistag e 
carding machine. machines is omitted, which leads to a smaller, lightweight, cheaper and less 
costly carding machine. 

As it relat es to t he setup of the second characteristic o f [00191 In the carding machine f o r t h e 
bundled fibers in gf the present invention, the carding unit also includes a frame forming a flow 
path for the fluid and possesses both a large diameter guiding part is-placed at the front and at 
the end of th e fr am e back ends of the guiding, part in the moving direction of the bundled fibers 
and one or more small diameter supportive parts placed between thesejqii dm 
[00201 According to the aforementioned structure of the carding machine, ^nd the bundled 
fibers are stably fed into the carding unit that and stably comes pass out from the carding unit. 
Furthermore, one or more small diameter supportive parts are installed between these guiding 
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parts, and the bundled fibers moving in the carding unit can be kept at in a constant configuration 

that responds corresponds to the placement of the single or multiple supportive parts, leading to 

uniform carding and then an elimination o f eliminates the requirement of detecting the fiber 

height in the carding unit. Usmg That is. using smaller diameter supportive part makes the fluid 

flow path area larger to im p rov e , thereby improving carding action in the carding unit. 

In regards to the structure of the third characteristic of the JfflM!I_^The carding machine f o r the 

bundled fibers in gf the present inventions-fee also includes a guiding and/or supporting parts 

are supportive part that has a roughly cylindrical and are either form and a fixed or revolvable 

form around th e shaft, where th e a shaft. 

[0022] According to the aforementioned structure of the carding machine, a friction force 
generated by the flow force of the fluid from the guiding and/or supporting parts appty applies a 

smooth carding action to the moving bundled fibers over the guiding and/or supportive parts. 
When the guiding and/or supportive parts are fixed, their structure becomes simple and the 
machine can be manufactured at low cost. When the guiding and/or supportive parts are able to 
revolve around the shaft, they the guiding and/or supportive parts revolve around the shaft by 
moving bundled fibers-as to make ite-movement of the bundled fibers smooth and reduce the 
friction between the bundled fibers and the guiding and/or supportive parts. Furthermore, the 
area of friction can be k diffused in a circumferential direction to prolong the life of the guiding 
and/or supportive parts. 

A cco r d ing to th e setup of the fourth characteristic of the JjDL023] The carding machine f or the 
b undl e d fib e rs in gf the present invention , more than one further includes multiple supportive 
part is placed parts positioned in a plane or approximately roughlv. in a crescent s ha pe,, against 
the moving direction of the bundled fibers;r-an4, 
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[00241 According to the aforementioned structure of the carding machine, the bundled 

fibers moving on the supportive parts can move and can be carded constantly, keeping a planar 
or crescent configuration against the moving direction according to the setup of the supportive 
parts, thereby making efficient carding possible. In the case that the bundled fibers are carded in 
the crescent configuration, an excess mass of the-overfed bundled fibers can be absorbed by- 
sinking of the fibers^ so that the contact area between the bundled fibers and fluid is increased, 
impro vin g wherein the carding efficiency is improved, especially when compared to the case 
where multiple supportive parts are set flat. 

A c cording to the s e tup of fifth char a ct eri sti c o f th e [0025] The carding machine f or th e bundl e d 
fibers in M the present invention also includes placing the carding unit in a multistage format 
along the moving direction of the bundled fibers, 

[00261 According to the aforementioned structure of the carding machine , the carding unit 
is aligned in multiple stages along the moving direction of the bundled fibers, and carding of the 
bundled fibers is processed step by step-and 5 smoothly moving along the bundled fibers over the 
multistage carding unit from an_upstream end to_a downstream end . In this case, not only the 
fiber heigh t d e t ec tion unit at each carding unit, but als o the front feeder upstream of each carding 
unit is also not required, so as to simplify, miniaturize, lighten, and minimize cost and 
shorten which simplifies, miniaturizes, lightens, and minimizes cost and shortens the total 
length of the carding machine. 

In regards to the sixth characteristic of the [00271 The carding machine for the bundled fibers 
mgf the present invention jiay further include increasin g stepwise, or continuously, the 
width of the moving path of the bundled fibers. 



m 



MARKED-I P COPY 
OF SUBSTITUTE SPECIFICATION 

[0028] According to the aforementioned structure of the carding machine , the width of the 

flow path for the bundled fibers in the multistage carding unit becomes ig more orderly, stepwise 

or continuously, from the„ upstream end to thej iownstream end , and carding of the bundled 

fibers is progressed to adjust for this widening, as the bundled fibers move from th^ upstream 

to end to the downstream end , to pass the carding unit in each stage, smoothly yielding a carded 

sheet. 

[0029] The carding machine of the present invention further places the shaft of the feed 
roll in a vertical direction. Here. 'Vertical direction" includes not only a geometrically 
perpendicular arrangement, but also a tilted arrangement at a certain angle relative to the 
perpendicular. 

In regards [0030] According to the seventh characteristic aforementioned structure of the 

carding machine f o r t h e b undled fibers in the present invention, the fe e d ro ll is placed vertically 
to the shaft and ^ the supply position of the bundled fibers relative to the guide roll at the entrance 
of the carding action section sways little when less compared to the conventional machine, which 
has arranges the shaft of the feed roll horizontally. Furthermore, the degree of swaying of the 
bundled fibers is absorbed along the circumference of the guide roll so that the feed roll is not 
required to traverse the shaft direction, and-the structure of the supporting action section can be 
simplified^ and the required space for the-installation of the feed roll c an b ek reduced. 
As it relates to the structure of eighth charactei 4^e-ef4he [00311 The carding machine for the 
bundled fibers inM the present invention, mor e than one of the said feed rolls is installed 
includes a plurality of feed rolls, 

[0032] According to the aforementioned structure of the carding machine , more than one 
set of bundled fibers are can be fed from each feed roll so as to be carded at the carding unit4e 
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yiel d, thereby yielding a wide carded sheet. Furthermore, as each shaft of multiple feed rolls is 

positioned vertically, more than one feed roll can be placed close to each other to achieve a 

multiple spindle carding machine, which was difficult to obtain pr ev ious l y . 

In regards to the setup of the ninth characteristic of the I0033] The carding machine for the 

bundled fibers in the present invention, mor e than one carding unit is aligned in p arall e l oJLthe 

present invention includes a plurality of carding units positioned in parallel and orthogonal 

relative to the moving direction of the bundled fibers, 

[0034] According to the aforementioned structure of the carding machine, aligning a 
plurality of carding units in parallel, but orthogonal relative to the moving direction of the 
bundled fibers,-and more than one set of bundled fibers from the multiple feed rolls can travel 
over more than one carding unit that is aligned in parallel, to simultaneously card so as to give a 
multiple spindle sequential carding machine that can produce produces a wider carded sheets 
which was previou sl y d if fi c ul t t o obta in. 

[0035] The carding machine of the present invention consolidates the carding unit into a 
single carding form that shares a part of the component part, wherein the carding unit is placed in 
a multistage format along the moving direction of the aforementioned bundled fibers, 
and/or more than one carding unit is positioned in parallel but orthogonal relative to the 
moving direction of the bundled fibers. 

Relafi^g I0Q361 According to the aforementioned structure of the te nth char a cteristic of th e 
carding machine for the bundled fibers in the present invention , the multistage carding unit is 
placed in the moving direction of the bundled fibers, and/or more than one carding unit is 
ptaeed positioned in parallel but orthogonal relative to the moving direction of the bundled 
fibers to consolidate into a sequentially integrated form, sharing at least a part of the component 

n 



MARKED-UP COPY 
OF SUBSTITUTE SPECIFICATION 

materials for the fluid flow path, spacer, and guiding part, Net As such, not only is a wide carded 

sheet smoothl y obtained, but also the number of component parts is reduced to save on material 

costs when compared to the alignment of more than one carding unit in series or in parallels 

multistage . Furthermore, the length and/or width in the sequentially integrated carding unit ean 

bem reduced to achieve miniaturization, weight reduction^ and cost saving of the carding 

machine. 

According to the eleventh characteristic of the [0037] The carding machine fo r the bundled 
fibers m gf the present invention includes a fluid path filled with a heated fluid. 
[0038] According to the aforementioned structure of the carding machine , a sizing agent 
sticking to the bundled fibers is heated to melt in the carding unit that is heated by a fluid to 
weaken the bonding force between the reinforced fibers forming the bundled fibers, thereby 
improving the carding efficiency of the bundled fibers. 

In r egar d s to the twelfth characteristic of the [00391 The carding machine for the bundled fibers 
kigf the present invention , the bundled fibers are heated by includes heating the guiding and/or 
supportive parts in the carding unit, and the sizing agent sticking to the bundled fibers is heated 
to melt an d w e aken the bonding force between the reinforced fibers forming the bundled fibers 
to improve the carding efficiency of the bundled fibers. ^ 

Relating to t h e thirte enth characteristic 
[00401 According to the aforementioned structure of the carding machine for the bundl e d 

fibers in the present invention , the bundled fibers are heated by the guiding parts and/or 

s upportive parts with a built in heater, and the sizing agent sticking to the bundled fibers is 

he at ed t o melt and weaken the bo nding force between the reinforced fibers forming the bundl e d 

fibers ^ the bundled fibers are heated by heating the gu iding and/or supportive parts in the 
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carding unit, and the sizing agent sticking to the bundled fibers is heated to melt and 

weaken the bonding force between the reinforced fibers forming the bundled fibers. 

thereby improving the carding efficiency of the bundled fibers. 

[0041] The carding machine of the present invention includes providing the guiding 
and/or supportive parts with a built-in heater. 

[0042] According to the aforementioned structure of the carding machine, the bundled 
fibers are heated by the guiding parts and/or supportive parts with a built-in heater, and 
the sizing agent sticking to the bundled fibers is heated to melt and weaken the bonding 
force between the reinforced fibers forming the bundled fibers, thereby improving the 

carding efficiency of the bundled fibers. 

[0043] The carding machine of the present invention includes having the aforementioned 

guiding and/or supportive parts in a pipe shape* in which heated fluid is circulated. 

In relation I00441 According to the fourteenth characteristic aforementioned structure of the 

carding machine for the bundled fibers in the present invention , the bundled fibers are heated by 
the guiding and/or supportive parts which in turn has been heated by a heated fluid, and the 
sizing agent sticking to the reinforced fibers forming the bundled fibers is heated, melting and 
weakening the bonding force to improve , thereby improving the carding efficiency of the 
bundled fibers. 

10045] _Th£_parding machine of the present invention includes a„slit in the aforemmtioned 
pipe shape d guidin g and/or supportive parts that crosses in the moving direction of the bundled 
fibers, wherein the heated fluid is ejected from the slit. 

In regards [00461 According to the fifteen th characteristic aforementioned structure of the 

carding machine for the bundled fibers in this invention , the bundled fibers are heated by the 
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heated fluid ejected from the slits of the pipe shaped guiding parts and/or supportive parts, and 

the sizing agent sticking to the bundled fibers is heated, melting and weakening the bonding 

force between the reinforced fibers forming the bundled fibers, and — drastically 

improve improving the carding efficiency of the bundled fibers via the carding action of the 

heated fluid. 

BRIEF DESCRIPTION OF DRAWINGS 

[0047] FIG. 1 is a front view of the airflow carding machine for a single spindle bundled fiber 
according to theg first embodiment ingf the present invention^ 

[0048] FIG. 2 is a schematic planar vie w diagram of the supply unit for t he bundled fibers 
according to gf the machine shown in FIG. 

[0049] FIG. 3 is an enlarged planar view of the multistage airflow carding unit according to the 
machine shown in FIG. 4t-1j 

[0050] FIG. 4 (A) is a front sectional view of the first stage airflow carding unit according to gf 
the multistage airflow carding unit shown in FIG. 3^2^ 

[00511 . FIG. 4 (B) is a side view of the first stage airflow carding unit a cco r di ng togf the 
multistage airflow carding unit shown in FIG. 3-7-2^ 

[00521 FIG. 4 (C) is a side view of the second stage airflow carding unit according to gf the 
multistage airflow carding unit shown in FIG. 3t-3£ 

[00531 FIG. 4 (D) is a side view of the third stage airflow carding unit according to t h e 
multistage airflow carding unit in FIG. 3. qfthe multist age airflow carding unit shown in FIG. 
24 
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[0054] FIG. 5 (A) is a schematic planar view diagram of the components in thean airflow 

carding machine for multiple spindle bundled fibers according to thea second embodiment mgf 

the present invention-^ 

[0055] FIG. 5 (B) is a schematic frontal view diagram of the components for the machine 
shown in FIG. 5 (A>; 

[0056] FIG. 6 (A) is a pa rti van enlarged planar view of thea sequentially integrated airflow 
carding unit in the airflow carding machine for the multiple spindle bundled fibers diown in FIG. 

[0057] FIG. 6 (B) is an enlarged frontal view of the sequentially integrated airflow carding unit 
shown in FIG. 6 (A)-^ 

[00581 FIG. 6 (C) is an enlarged frontal view of4he key components shown in FIG. 6 (B)-^ 
[00591 FIG. 7 is a schematic frontal view diagram of then multistage airflow carding machine 
for thea double decked form of the multiple spindle bundled fibers m-fee according to a third 
embodiment of the present invention-^ 

[0060] FIG. 8 is a front sectional view of thean airflow carding unit according to thea fourth 
embodiment of the present invention-^ 

[00611 FIG. 9 is a schematic frontal vie w diagram of thean airflow carding machine according 
to thea fifth embodiment of the present invention, wherein the airflow carding unit shown in 
FIG. 8 is used-; 

[00621 FIG. 10 is a schematic frontal vie w diagram of thea front feeder in the airflow carding 
machine shown in FIG. 9r-£4 

[00631 FIG. 1 1 is a schematic e n l ar ge d fr o n tal vi ew diagram of thea fiber height detection unit 
in the airflow carding machine shown in FIG. 9r-% 
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[0064] FIG. 12 (A) is a schematic plana r vi e w diagram of tbeg carding machine for the 

multiple spindle bundled fibers according to thag sixth embodiment of the present invention-^ 

[00651 FIG. 12 (B) is a schematic frontal view diagram of thea carding machine for the 

multiple spindle bundled fibers shown in FIG. 12 (A)-^ 

[0066] FIG. 13 (A) is an. enlarged ^ side view of an upstream feed roll in a stationary state of 
the bundled fibers in the airflow carding machine for the multiple spindle bundled fibers shown 
in FIG. V^Ui 

[00671 FIG. 13 (B) is an enlarged frontal view of the feed roll shown in FIG. 13 (A)~£ 

[0068] FIG. 13 (C) is an enlarged frontal view diagram of the feed roll a in the fed state , shown 

in FIG. 13 (AH 

[0069] FIG. 14 is a schematic frontal vie w diagram of theg carding machine for theg double 

decked form of the multistage multiple spindle bundled fibers according to theg seventh 
embodiment of the present invention-^ 

[0070] FIG. 15 (A) is an exploded perspective view of the key parts, showing the g support 
structure of theg supportive part in a dif fe ren t emb o diment in th e of a carding machine for the 
multiple spindle bundled fibers ^ according to an eighth embodiment of the present invention 

k 

[0071] FIG. 15 (B) is a vertical sectional view of the support structure of the supportive parts 
in the carding machine for the multiple spindle bundled fibers shown in FIG. 15 (A)-; 
[0072] FIG. 16 (A) is a schematic sectional v ie w in the e m bodiment diagram of the airflow 
carding unit comprised of h aving heated gas-^ 

[0073] FIG. 16 (B) is an enlarged sectional view of the embodiment of the g pipe shaped 
guiding and/or supportive parts equipped with a built-in heater-^ 
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[0074] FIG. 16 (C) is an enlarged sectional view of the embodiment, wherein the guiding 

and/or supportive parts are pipe-shaped and circulated with circulate heated fluid through the 

inside of hollow pipe™; 

[0075] FIG. 16 (D) is an enlarged sectional view illustrating wherein the guiding and/or 
supportive parts have tfeeg pipe shape and slits that cross the carded sheet a and wherein heated 
gas is circulated inside the hollow pipe-; 

[0076] FIG. 17 is a schematic frontal view ingf a conventional airflow carding machine for the 
bundled fibers. ; 

[0077] FIG. 1 8 is a schematic frontal view of a conventional airflow carding machine for the 
multistage bundled fibers-; 

f0078] FIG. 19 (A) is a schematic frontal view of the feed unit of the bu nd l ed fib ers that 
il lu strates o n e o f diagram illustrating one of the problems in the conventional machine shown 
in FIG. 4^18: and 

[0079] FIG. 19 (B) is a schematic planar view of the feed unit of the bundled fibers shown in 
FIG. 19(A). 

BEST MODE FOP, CARRYING OUT DET AILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0080] Various embodiments according to the present invention are described below with 
reference to the accompanying drawings. 
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FIRST EMBODIMENT 

[0081] FIG. 1 shows a frontal view of the airflow carding machine for a single spindled 
bundled fiber according to theg first embodiment moj[ the present invention. In FIG. 1, a unit 10 
is the bundled fiber feeding unit (filament feeding unit). As shown in the planar view of the key 
parts in FIG. 2, a feed roll 13, around which bundled fibers 12 composed of a large number of 
reinforced filaments, such as carbon fibers, bonded by a sizing agent are wound, is supported on 
a table 1 1 positioning ifea shaft mof the feed roll 13 in a vertical direction and freely 
revolving rotating around it . P art 14 is athe shaft A guide rolh 14, which changes the moving 
direction of the bundled fibers 12 that are fed from the feed roll 13, by approximately 90 degrees 
in a planar view, and ifea shaft of the guide roll 14 is fixed vertically e rfor the guide roll 14 to 
freely revo l ving rotate around the shaft. Part A guide roll 15 is a guide roll which sends the 
bundled fibers +2^12 that are sent from a the guide roll to an airflow carding action unit 20 
at a certain height-and s is fixed or freely r e vo lving rotating , as k towill be described later . 
S-aid f00821 The feed roll 13 is equipped with an adjustable tension applying means 16, which 
applies tension to the bundled fibers 12, optimizing the tension applied to the bundled fibers 12 
according to the properties and size of the reinforced filaments to form the bundled fibers 12 and 
the kind of the sizing agents used. 

Unit 20 is an [0083] An airflow carding action unit, which is composed of mo re th a n one 20 
includes a plurality of guide roH drolls 21 and 22, a multistage airflow carding unit 25 that has 
more than one airflow carding unit (in the example drawing, three units of airflow carding units 
25a, 25b, and 25c) aligned in series in the moving direction of the bundled fibers 12, and a 
rewind roll unit 28 t o r ew i nd that rewinds the carded sheet 12a^4t . which is then carded in the 
multistage airflow carding unit 25. 

12 
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[0084] As shown in FIG. 3 and FIGS. 4 (A) to 4 (D), the multistage carding action unit 25 is 

com p os e d o finclujdes a multistage alignment of three airflow carding units 25a, 25b, and 25c, in 

series, from an.upstream end to ^downstream end . As shown in FIG. 3 and FIGS. 4 (A) to 4 

(D), width of ^moving path wl, w2, and w^2 for the bundled fibers 12 in each airflow 

carding unit 25a, 25b, and 25c becomes broader as it the path moves downstream in the moving 

direction of the bundled fibers (wl<w2<w3). Except for the-width, as will be described later, 

each airflow carding unit 25a, 25b, and 25c has a very similar structure. 

[0085] Therefore, the exemplary airflow carding unit 25a will be used t o illustrate ou r 
e xample. Airflow referenced herein to describe aspects of the invention. For example, the 
airflow carding unit 25a has an airflow wind tunnel, such as a hollow rectangular wind tunnel 
2^0 250, that forms a suction wind tunnel sueked that suctions air from the§ lower side. ft4s The 
airflow carding unit 25a also equipped with jncludes large diameter guiding parts 252 and 253, 
which extend to sideboards 251 on both ends and are placed before and after the moving 
direction of the bundled fibers 12. They The sideboards 251 are horizontal and orthogonal 
relative to the moving direction of the bundled fibers 12 and horizontal. 12. The airflow carding 
unit is 25a also eq u ip p ed wi t h includes more than one small diameter supportive part 254 placed 
at a certain interval between the guiding parts 252 and 253, in the same plane and horizontally 
relative thereto . 

[0086] Guiding parts 252 and 253 and/or supportive part 254 can be fixed on sideboards 251 
and 251 of the wind tunnel 250, or can be free to revolve around itsa shaft. If the guiding parts 
252 and 253 and/or supportive part 254 are fixed to sideboards 251 and 251, the support 
structure is simplified, thereby cutting production cost. If the guiding parts 252 and 253 and/or 
supportive part 254 are free able to fevelve freely rotate , as is sometimes desirable, depending on 
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the property and size of the reinforced filament forming bundled fibers 12 and the kind of sizing 

agent, the moving and carding of bundled fibers 1 2 become smoother, reducing wear by friction 

with the bundled fibers 12 and preventing uneven wearing by constantly changing the friction 

location relative to the circumference direction. 

[0087] Inside of each of sid ebo ards sideboard 251 and 251, the guiding parts 256 and 256 
regulates regulate the crosswise movement of the bundled fibers 12 and are pfeeed positioned by 
flexible spacer parts 255a, 255b, and 255c that are slightly higher than the guiding parts 252 and 
253 to control the vertical positioning of the bundled fibers 12. Increasing the height of the saM 
guiding parts 256 and 256 makes provides the airflow in the airflow carding unit with a stable 
laminar flow and stabilizes the carding action of the bundled fibers 12. However, increasing the 
height beyond a certain level does not give higher result in greater stabilization of the carding 
action by the stabilization of airflow. Rather-k uncreasing the height too much gives rise to a 
larger size and higher cost of the machine. Therefore, jhejieight of the guiding parts 256 and 256 
is to be properly determined according to the properties and size of the reinforced filament in the 
bundled fibers 12 and the kind of the sizing agent used. 

S id e boar d s [0088] The sideboards 251 and 251 that are on both sides, 2fLL spacer parts 255a, 
255b, and 255c, and guiding parts 256 and 256 in the aforementioned airflow carding units 25a, 
25b, and 25c are tied together with connected by bolts 257 and 257 while being abl e so as to be 
easily dissembled. Scrcw A screvE hole 2£& 258, so as to fix the guiding parts 3 is drilled into 
sideboards 251 and 251 in each airflow carding units 25a, 25b, and 25c, such as to match the end 
of the moving direction of the bundled fibers. 

[00891 Thickness tl, t2, and t3 of each spacer 255a, 255b, and 255c in the airflow carding units 
25a, 25b, and 25c, are placed along the moving direction of the bundled fibers 12 in descending 
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order tl>t2>t3. Namely, the thickness decreases in the moving downstream^ such as where the 

width of moving path, wl, w2, and w3 for bundled fibers 12 formed between the guiding parts 

256 and 256 256, are in the order of wl<w2<w3, where the width increases as it moves moving 

in the downstream direction . This configuration makes the width of the carded sheet 12a 

adjustable with the progress of the carding o f the bundled fibers 12. Spacers 255a, 255b, and 

255c 5 and guiding parts 256 and 256 256, are consolidated by bolts 257 and 257 fer to the 

sideboards 251 and 251 in order to allow for the sharing of components^ except for the spacers^ 

in the airflow carding units 25a, 25b, and 25c, giving added flexibility in the assembly and 

disassembly of the parts by exchanging the spacers 255a, 255b, and 255c with different 

thicknesses, tl, t2, and t3. 

[00901 - The carding action in the aforementioned airflow carding machine for the single 
spindled bundled fibers is described next. The bundled fibers 12 are drawn out from the feed roll 
1 3 to change the moving direction by approximately 90 degrees within a horizontal plane by a 
guide roll 14 and is kept at a certain height by a guide roll 15 to draw out to the airflow carding 
action unit 20. 

[0091] The bundled fibers 12 traveling through the guide rolls 21 and 22 that have a tape 
shaped or elliptical cross-section are drawn out in the moving direction to be carded at the 
airflow carding unit 25, forming the carded sheet 12a. Tfek The sheet 12a is composed of 
crosswise lining of each reinforced filaments, which are then rewound around a rewinding roll 
unit 28. 

[0092] As bundled fibers 12 are drawn out from the feed roll 13, which is stacked in a vertical 
direction, the drawn out height of the_ bundled fibers 12 can be moved up and down. However, 
the bundled fibers 12 that are drawn out change ite their direction by approximately 90 degrees in 
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planar view by a guide roll 14 that is stacked vertically^ and are pressed from above and below 

by a guide roll 15 that is placed horizontally. Therefore, the bundled fibers 12 only pitch slightly 

at the entrance of guide roll 15. Furthermore, since the shaft of guide roll 15 is placed 

horizontally, the bundled fibers 12 are guided along the circumference of the_ guide roll 15. 

When compared to the conventional machine T in which the shaft of both the feed roll A and the 

guide roll 2 is placed horizontally^ as shown in FIGS. 19 (A) and 19 (B), swaying of the feed 

position for the bundled fibers 12 that are fed through guide roll 15 is extremely low. This leads 

to stabilization of the supply position in the bundled fibers 12 towards the airflow carding action 

unit 20. As in the conventional machine, the feed roll is not required to traverse towards the shaft 

direction and the required space for the installation of feed roll 13 can be k reduced. 

[0093] Since a prope r level of load level is applied to the feed roll 13 by the tension applying 

means 16, a proper level of tension is applied to the bundled fibers 12 drawn out from the feed 

roll 13. Both the tension by the tension applying means 16 at the feed roll 13 and the rewinding 

tension by the rewind roll unit 28 constantly apply proper tension to beththe bundled fibers 12 

and the carded sheet 12a. 

[00941 Since each airflow carding umts unit 25a, 25b, and 25c in the multistage airflow carding 
unit 25 axek equipped with guiding parts 252 and 252 253, and more than one supportive part 
254 that arek placed in a plane and horizontally in a plane , a downward airflow in the suction 
wind tunnel keeps the bundled fibers 12 in contact with the planar and horizontal supporting part 
254 so as to constantly maintain them the bundled fibers 12 in a horizontal p lane^and 
horizontally . Therefore, as shown in FIG. 17, the fiber height detection units 51, 52, and 53 are 
not required t o insta ll in e a c h of the airflow carding units 25a, 25b, and 25c. Therefore, as in the 
conventional case, fe§ detection signal is not required to feedback to the driver motor of the 
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drive roll for front feeders 21, 22, and 23. The upstream front feeder and driver motor in each 

airflow carding unit 25a, 25b, and 25c can be omitted to drastically reduce the number of 

machine parts, shortening the total length of airflow carding action unit 20, and possibly 

achieving miniaturization, weight reduction, and lowering the cost of the whole airflow carding 

machine. 

[0095] As described above, the fiber height of the bundled fibers 12 and carded sheet 12a are 
kept in a horizontal p lane and horizontally by guide parts 252 and 25-3- 253 » and more than one 
supporting parts 25 ^1 part 254. in each airflow carding unit 25a, 25b, and 25c. Further, theythe 
bundled fibers 12 are smoothly carded in the airflow carding units 25a, 25b, and 25c by 
adjusting the tension applying means 16 of the feed roll 13 and the number of revolutions of the 
driver motor for the rewind roll unit 28. Adjusting the tension to a constant level in rewinding gf 
the carded sheet 12a to the rewind roll unit 28 eliminates pitching of the rewound carded sheet 
12a to yield a roll of high quality carded sheet 12a. 

[0096] According to the carding machine for the single spindle multistage bundled fibers 
described above, the carding action, in which wherein the bundled fibers 12 or carded sheet 12a 
t r av els travel over each airflow carding unit 25a, 25b, and 25c 5 and passes pass over more than 
one supportive parts 254, is performed at small intervals, stepwise, and continuously when 
compared to the carding action by a conventional wind tunnel, leading to more reliable carding 
and an improvement in the quality of the carded product. 

[0097] Since the bundled fibers 12 or carded sheet 12a travels over each airflow carding unit 
25a, 25b, and 25c and is kept horizontal by more than one supportive part 254, it is not required 
to install a fiber height detection unit, in which a front feeder is installed upstream of each 
airflow carding unit, 25a, 25b, and 25c to detect the fiber height of the bundled fibers 12 or 
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carded sheet 12a that travels over each airflow carding unit, 25a, 25b, and 25c and feedbacks the 

detected signal to a driver motor of the upstream front feeder. Along with the elimination in the 

need of the front feeder and its driver unit, it is also not necessary to have a processing and 

controlling unit for the detected signal. This not only simplifies its structure and reduces cost, but 

also eliminates the required space for installation, reducing its size, weight, and cost of the whol e 

airflow carding machine for the bundled fibers. Th^se The beneficial effects become more 

obvious as the number of stage installed of the airflow carding units 25a, 25b, 25c, etc., for the 

multistage airflow carding unit 25 is increased. 

As |0098| If a wider carded sheet 1 2a is required, a large number pluralitv of feed rett rolls 1 3 
placed in parallel may be used for the sheet. However, in the case where a shaft of the feed roll A 
is placed horizontally in the conventional airflow carding machine^ as shown in FIG. 17 or FIG. 
19, it is necessary to traverse the feed roll in the shaft direction orthogonal to its drawn out 
direction along with drawing out bundled fibers 12, resulting in a larger installation space per 
unit of feed roll being required. As mentioned previously, it is practically difficult to obtain the 
airflow carding machine with many feed rolls in parallel for the multiple spindle bundled fibers. 

SECOND EMBODIMENT 

[0099] FIGS. 5 (A) and 5 (B) are arschematic p lanar view and schematic frontal view diagrams 
of the airflow carding machine for the multiple spindle bundled fibers, wherein use of many a 
plurality of feed rolls makes production of a wider carded sheet possible^ In FIGS. 5 (A) and 5 
(B), unit 1 0 ? is the supply unit 10 f of the bundled fibers (filament supply unit), wherein ma n y a 
plurality of feed rolls 13 and so on are placed in the form of a matrix with each shaft being 
vertical. As a guide roll 14 ! , two guide rolls 14a and 14b at the first stage and 1 4 b at the second 
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stage are installed according to the position of each feed roll 13 and so on as to _djfferentiaIly 

vary the angle of directional change differentially by guide rolls 14a and 14b 5 such as to respond 
to the position of the feed roll 13 and 50 on, adjusting each bundled fibers fiber 12 that areig 
drawn out from the second stage guide roll 14b to move in parallel and horizontally. Guide The 
guide roll 1 5' is made relatively long in order to guide many the plurality of bundled fibers 1 2. 
[0100] As shown in FIGS. 6 (A) and 6 (B), the multistage carding unit is co mpos e d of multipl e 
plac e m e nts of three comprises a plurality of stage carding units 25a', 25b', and 25c' arranged in 
series^ along the moving direction of the bundled fibers 12, as well as in parallel in a form of 
many units, orthogonal relative to the moving direction of bundled fibers 12 to form a 
sequentially integrated airflow carding machine 25'. This The sequentially integrated airflow 
carding machine 25' is equipped with long common guiding parts 252' and 253'; two common 
space filling guiding parts 259a and 259b placed at a certain interval between common guiding 
parts 252' and 253'; multiple long supporting parts 254a, 254', and 254' that are horizontally 
placed at certain intervals, respectively^ between common guiding parts 252 ? in the 
aforementioned front end and space filling guiding part 259a, between common space filling 
guiding parts 259a and 259b, and between common space filling guiding part 259b and common 
guiding part 253' in the back end more than one long common guiding part 256a across three 
stage airflow carding units 25a', 25b', and 25c'; and dividing board 260 that separates the suction 
wind tunnel for airflow carding units 25a', 25b', and 25c', at each stage. Common guiding parts 
252 ! and 253', space filling common guiding parts 259a and 259b, and supportive parts 254a, 
254', and 254' can be fixed to sideboards 251 and 25 T, or allowed to freely revolve rotate , for the 
same reason described previously. 
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[0101] Supportive parts 254' and 254' that are placed between the space filling common 

guiding parts 259a and 259b 3 and between the space filling common guiding part 259b and the 

common guiding part 253' a are small in diameter^ as depicted in FIG. 3 and FIG. 4. However, the 

supporting part 254a that is placed between the common guiding part 252' and the space filling 

common guiding part 259a is larger in diameter than the supporting part 254'. This configuration 

emphasizes an increase in carding efficiency by using ^smaller diameter supportive part 254' in 

the first stage airflow carding unit 25a f and the second stage airflow carding unit 25b, which 

increases the airflow area in the wind tunnel and e asing eases the suction airflow through the 

bundled fibers 12, as well as between each reinforced filament of the carded sheet 12a that 

travels through the suction wind tunnel. In addition, because carding in the third stage airflow 

carding unit 25c' is fairly progressed, it mainly retains the carded sheet 12a in a horizontal 

position rather than increasing the carding effect. 

[01021 As shown in FIG. 6 (C) in an enlarged viewythe supportive part 254a in the third stage 
airflow carding unit 25c' is dropped into positioned in semicircular grooves 251a and 251a 
defined at the upper ends of sideboards 251' and 251'. Since the_ supportive part 254a protrudes 
above the tops of the sideboards 25 V and 251', the carded sheet 12a that travels over it the 
sideboard 251. 251' , receives the carding action over the continuous wind tunnel tube without 
the dividing board, making the adjacent carded sheets align tightly, without a void between them, 
yielding a continuously aligned carded sheet. 

[0103] Each common guiding part ? 256a along the moving direction of the bundled fibers 12 is 
set up with thickness tl, t2, and t3 for the first stage airflow carding unit 25a ! , the second stage 
carding airflow unit 25b' a and the third stage airflow carding unit 25c', respectively, such as 
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tl>t2=t3. Therefore, width wl, w2, and w3 between each common guiding part 256a and 256a of 

the moving path of the bundled fibers 12 and carded sheet 12a has a setup of wl<w2= ::: w3. 

[0104] In the above saM described carding machine for the multiple spindle bundled fibers, 

bundled fibers 12 are drawn out from man ya plurality of feed rolls 13 and so on, changing its 

direction by each guide roll 14' (14a and 14b), passing through guide roll 15' to be continuously 

carded at the first, second, and third airflow carding units 25a', 25b', and 25c' in the sequentially 

integrated airflow carding unit 25 ? and rewound around rewind roll unit 28 V of the rewind roll 

unit 28'. 

[0105] Therefore, the airflow carding machine for the multiple spindle bundled fibers^ which 
was previously difficult to obtain, can now be accomplished. More specifically, the sequentially 
integrated airflow carding unit 25 f has neither multistage alignment of the first stage, second 
stage, and third stage airflow carding units 25a', 25b', and 25c' in series^ as depicted in FIG. 3, 
nor is the alignment of each airflow carding unit in parallel in the widthwise direction. Rather, it 
commonly shares the space filling common guiding parts 259a and 259b and the common 
guiding part 256a to construct the sequentially integrated structure, resulting in the simplification 
of the composition, miniaturization, weight reduction, and control of cost increases, in 
comparison to one with a comparable number of the sequential units in series or in parallel. 
[0106] Even when the supportive parts 254' and 254a are placed horizontally, the bundled 
fibers 12 travel over more than one supporting part 254' and 254a placed in a small interval, 
applying the carding action in the conventional wind tunnel pipe stepwise at short intervals and 
continuously, to make carding reliable and improve the carding quality. In comparison to the 
case where the airflow direction is using a crescent alignment, the height of the single sequential 
airflow carding unit 25' can be k reduced. 

m 
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THIRD EMBODIMENT 

[0107] FIG. 7 shows a schematic c om po siti o n diagram of the airflow carding machine for the 
multiple spindle bundled fibers, wherein tfea-multiple airflow carding machines for the multiple 
bundled fibers are placed ioji double decked alignment at certain intervals to eliminate 
operational shutdown during the exchange of feed rolls 13a, 13b, etc. 

[0108] Namely, as the bundled fibers 12 on feed roll 13a runs out, the empty feed roll 13a is 
detached and a new feed roll 13a has to be put in its place, but the carding machine has to be 
stopped during this exchange of feed roll 13a. Since the airflow carding machine for the multiple 
spindle bundled fibers is equipped with many feed rolls 13a, the time required for the exchange 
of feed roll 13a becomes longer and the duration of machine stoppage also becomes longer. 
Then, in the airflow carding machine for the multiple spindle bundled fibers in FIG. 7, more than 
one feed unit for the bundled fibers, 10'a, . . , , 10'n, and more than one airflow carding action 
unit, 20a 1 , . . . , 20 r n, and more than one rewind roll unit, 28'a, . . , , 28 f n are placed in g 
multistage arrangement in double decked form at certain intervals. 

[0109] Therefore, while bundled fibers 12 are carded by feeding the upper feed unit of the 
bundled fibers (filament feed unit) 10'a and in the upper airflow carding action unit 20'a, the 
bundled fibers 12 are also put on the lower feed unit of the bundled fibers (filament feed unit), 
10 ? b, . . . , 10'n and in the airflow carding action unit, 20 f b, . . . , 20 f n. Immediately after the 
carding process by the upper feed unit of the bundled fibers 10'a and the upper airflow carding 
action unit 20'a is completed, carding of the bundled fibers 12 is initiated in the lower feed unit 
of the bundled fibers (filament feed section) 10'b and the lower airflow carding action unit 20'b. 
When the bundled fibers 12 are carded in the lower feed unit of the bundled fibers (filament feed 
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unit) 10'b, and the lower airflow carding action unit 20 f b, the bundled fibers 12 are put on the 

upper feed unit of the bundled fibers (filament supply unit) 10'a and the airflow carding action 

unit 20'a. Hence, the bundled fibers 12 can be arg continuously carded. 

[0110] As the number of upper and lower stages has more surplus, the bundled libers 12 can be 
carded simultaneously carded on more than one feed unit of the bundled fibers (filament feed 
unit) 10' and the airflow carding action units 20'. It is also possible that both an upper stage and a 
lower stage setup are set in combination and alternately operated, to card bundled fibers in every 
other spindle and rewind around a rewind roll the carded reinforcing filaments that are carded in 
every other spindle, without iL^void existing between them, continuously producing a carded 
sheet. 

[0111] In the embodiment e fshown in FIG. 7, an example wherein the bundled fibers 12 and 
the carded sheet 12a travel horizontally from the left end of the figure to rewind around the 
rewind roll unit 28 at a right end 5 is described. It is also possible that at least the airflow carding 
units 25'a and 25'b are vertically placed such that the bundled fibers 12 travel from top to bottom 
in one unit, then travel from bottom to top in another, changing the moving direction of the 
bundled sheets 12a and 12b sent from the upper and lower airflow carding units 25'a and 25'b by 
90 degrees. By changing the direction of roll so that it travels horizontally, a pair of carded 
sheets 12a and 12b in parallel can be aligned to yield a single wide carded sheet. Alternatively, 
each reinforcing filament for the carded sheet 12a and that o f the carded sheet 12b are 
alternately placed in the odd and even number positions, respectively, to produce a wide carded 
sheet. 
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FOURTH EMBODIMENT 

[0112] In the above discussed, embodiment, the case 2 wherein more than one supportive part 
254, 254', and 254a in the airflow carding units 25, 25a, 25b, 25c, 25'a, 25'b, and 25'c are placed 
in a plane and arranged_ horizontally along the moving direction of the bundled fibers 12 and 
carded sheet 12a^ is described. However, as shown in FIG. 8, multiple supporting parts 254 can 
be placed in a convex crescent form against the airflow direction. The airflow carding unit with 
convex placement of thisthe supportive unit can be a single carding machine for the bundled 
fibers^ as shown in FIG, 1, a multistage airflow carding machine^ as shown in FIG. 3, a 
multistage multiple sequential airflow carding machine 5 as shown in FIG. 5, or a double decked 
multistage carding machine for the multiple spindled bundled fibers 5 as shown in FIG. 7. In these 
cases, it is possible that the tension of the feed roll 13 and the rewind tension can properly be 
adjusted by the tension applying means 16 and the rewind roll unit 28, respectively, transforming 
the bundled fibers 12 and carded sheet 12a into a convex crescent form along multiple supportive 
parts that are placed in a crescent form. As in the case where more than one supportive part is 
placed horizontally, the fiber height detection unit, the upstream feed roll, and the downstream 
feed roll can also be is not necessary and omitted. 

FIFTH EMBODIMENT 

[0113] As shown in FIG. 8 mentioned above, ^ it is possible to place more than one supportive 
part 254 in a crescent form, where if necessary, an upstream feed roll unit 23 can be placed 
downstream of the guide rolls 21 and 2222, as shown in FIG. 9. Downstream of thisthe feed roll 
unit 23, namely upstream of the airflow carding unit 25, the fiber height detection unit 24 can be 
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placed, or downstream of the fiber carding unit 25, the downstream feed roll unit 26 and the fiber 

height detection unit 27 can be placed. 

[0114] Since the_ upstream feed roll unit 23 and the downstream feed roll unit 27 have the 
same composition, the upstream feed roll unit 23 will be described as an example. As shown in 
FIG. 10, the feed roll unit is comprised of the drive roll 231, freely revolving rett rolls 232 and 
233, guide rolls 234 and 235, retaining part 236, and air cylinder 237. The drive roll 231 is 
driven by a driver motor, which cooperates with the freely r e v olv ing rotating rolls 232 and 233 
to draw out the bundled fibers 12. Guide rolls 234 and 235 feed the bundled fibers 12 from a 
certain direction to the space between the sai d drive roll 23 1 and the freely re v ol ving rotating 
rolls 232 and 233. Retaining part 236 holds the said-freely revolving rotating rolls 232 and 233 
and air cylinder 237 as an actuator to raise or lower tMsthe retaining part 236, and raising and 
lowering of the said-holding part by the p iston rod 238 of the air cylinder 237 applies a required 
load to the freely revolving rotating rolls 232 and 233 against the drive roll 231 to send the 
bundled fibers 42 t12 downstream. 

[01151 Fiber height detection units 24 and 27 have the same composition structural 
configuration and the fiber height detection unit 24 will be described herein as a 
representation aiLexample . As shown in FIG, 11, the fiber height detection unit 24 is equipped 
with a pair of fixed or freely revolvin g rotating guide rolls 241 and 242 that are placed before 
and after the moving direction of the bundled fibers 12 at a certain interval to move the bundled 
fibers 12 over thesethe guide rolls 241 and 242. Then, the bundled fibers 12 that have been sent 
by the feed roll unit 23 under an overfed condition, is bent into a crescent form by the airflow 
between guide rolls 241 and 242, where the level of the bending of the bundled fibers is detected 
by a photoelectric or displacement sensor 243. 
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[01161 While the carding machine for single bundled fibers shown in FIG. 9, mentioned above, 

performs essentially the same carding action as the carding machine for the single bundled fibers 

depicted in FIG. 1, functional differences in the installation of the upstream feed roll unit 23, the 

fiber height detection unit 24, the downstream feed roll unit 26, and the fiber height detection 

unit 27 will now be described, The mass that is fed by the upstream feed roll unit 23 is set 

slightly larger than that by the downstream feed roll unit 26, leading to an overfed condition. 

Therefore, the bundled fibers 1.2 can be bent as much as the overfed mass in the fiber height 

detection unit 24 and the multistage carding machine unit 25. The bent condition in the fiber 

height detection units 24 and 27 can be stabilized by the action of the suction system or through 

lightweight superposition. 

[0117] The fiber height detected by the fiber height detection unit 24 is sent to the drive roll 
231 of the feed roll unit 53-23, as shown in FIG. 10, whereby w herein starting or stopping the 
drive motor allows for the adjustment of the mass of the fed_bundled fibers 12 fed. 12, optimizing 
the overfed mass to a proper amount. 

[0118] The fiber height of the carded sheet 12a that is detected by the fiber height detection 
unit 27 is sent to the driver motor of the rewind roll unit 28 to adjust the rewind tension of the 
carded sheet 12a by rewind roll unit 28 a^ to be constant. This eliminates pitching of the carded 
sheet 12a that is rewound to yield a roll of high quality carded sheet 12a. 

SIXTH EMBODIMENT 

f01191 As shown in FIG. 12.FIGS. 12 (A) and 12 (B\ the carding machine for the multiple 
spindle bundled fibers can have an upstream feed roll unit 23', a fiber height detection unit 24' 4 
and a downstream feed roll unit 26'. 
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[0120] As shown in FIG. 13 (A), the upstream feed roll unit 23' is composed of a includes a 

relatively long common drive roll 23 1\ many a plurality of separate^ freely revolving rotating 

rolls 232 for each bundled fibers 12, and many a plurality of separate air cylinders 237 separate^ 

freely revolving rotating rolls 232. When the overfed amount of the bundled fibers 12 is 

krge substantial , as shown in FIGS. 13 (A) and 13 (B), each separate freely revolving rotating 

roll 232 is raised by each separate air cylinder 237 to temporarily stop the feeding of the bundled 

fibers 12. As the amount of overfed mass becomes a proper value, as shown in FIG. 13 (C), each 

separate air cylinder 237 pushes down each separate freely r evol vin g rotating roll 232 in 

cooperation with the drive roll 23 V to independently draw out the bundled fibers 12. 

SEVENTH EMBODIMENT 

[0121] As shown in FIG. 14, the double decked multistage carding machine for the multiple 
spindle bundled fibers can be equipped with an upstream feed roll unit 23'a and the fiber height 
detection unit 24'a to replace the guide roll 15 or be used in conjunction with the guide roll 15. 
[01221 FIGS. 15 (A) and 15 (B) show ether-embodiments with a structure of thaa supportive 
part in the carding machine for the multiple spindle bundled fibers in accordance with the present 
invention. As described in FIG. 3, FIG. 4, and FIG. 6, a structure of more than one a plurality of 
supportive part parts 254 and 254' in the airflow carding units 25 and 25' has a drilled hole 
through the sideboard 251, spacer 255, and guide part 256. Support parts 254 and 254' are 
inserted into thisthe hole. However, it is complicated to insert many small diameter supporting 
parts 254 and 254' into many small diameter drilled holes. 

[0123] Then, in the airflow carding unit 25" in the embodiment shown in FIGS. 15 (A) and 15 
(B), the top of the sideboard 251 is cut to form more than one sli t a plurality of slits 251b 
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te having a certain depth and the supporting part 254 is inserted into thi-sthe slit 251b. In tkisthe 

support structure^ in which the supporting part 254 is inserted into the slit 251b, assembly of the 

supporting part 254 with the sideboard 251 is much easier and can be completed within a short 

time of period as compared to insertion of the supportive part 254 into the drilled hole. 

[01241 In the support structure where the supportive part 254 is inserted into the slit 251b, as 

r equ ir e d a nd shown in the figure, a female screw 25 lc is drilled into b o t h t o p s the top surface of 

the sideboard 251, which is covered with an approximately U-shaped cap 260 that is tightened 

with a screw 261. A flat plate 260a, a downward vertical plate 260b that hangs from both ends, 

and a drilled hole 260c are located such that they match up with the female screw 251c of the 

aforementioned flat plate 260a. This arrangement prevents the supportive part 254 from rising in 

the slit 251b and dropping from the slit 251b. 

[01251 The embodiment of FIGS. 15 (A) and 15 (B) shows only the sideboard 251. However, 
as described previously, as spacer 255 and guiding part 256 are used together with the sideboard 
251, a slit can be cut at the same pitch and depth into spacer 255 and guiding part 256 as in 
sideboard 251, so that the supporting part 254 can be inserted into tMsthe slit. If required, 
sideboard 251, spacer 255 and guiding part 256 are covered with sm4the similar cap 260 and 
then tightened with the screw. 

[01261 In the above embodiment, it was described that the sideboard 25 1 is cut to form a deep 
slit T 251b, and the supporting part 254 is supported at a lower position than the top of the 
sideboard 251. It is acceptable that The sideboard 251 k can be cut to form a shallow slit and the 
upper part of the supporting part 254 is supported at the same height as the top of sideboard 251. 
In this case, the cap 260 can be a flat plate. 
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[0127] In the above embodiment, it was described that the supporting part 254 is placed i-n-a 

plan e a nd horizontally in a pla ne, similar to those in FIG. 4 and FIG, 6. However, similar to the 

case in FIG. 8, the cut of each slit can be in a crescent form so that the supporting part 254 can be 

inserted in a crescent form. 

[0128] In the above embodiment, ^temperature o f the air stream flowing into the airflow 
carding unit 25 through the wind tunnel is not specifically described. However, depending on the 
kind of adhesive (sizing agent) sticking to each reinforcement filament in the airflow carding 
machine having a single or multistage airflow carding unit as shown in FIG. 16 (A), a hot air 
suction wind tunnel can be created in the airflow carding unit where hot air 270 can weaken the 
adhesion force of the adhesive (sizing agent) and promote the carding action. 
[0129] In the above embodiment, it has been described that the guiding part and supportive 
part are solid. However, as shown in FIG. 16(B), the guiding parts 252 and 253 and/or the 
supportive part 254 can be a pipe and thesethe pipe-shaped guiding parts 252 and 253 and/or 
supportive part 254 can be equipped with a built-in cartridge heater 272 inji hollow pipe 271 to 
heat the guiding parts 252 and 253 and/or the supportive part 254. In this setup, the bundled 
fibers and/or carded sheet is properly heated by the guiding parts 252 and 253 and supportive 
part 254 that is heated by the cartridge heater 272 to heat and soften the sizing agent in the 
bundled fibers, reducing the bonding force to generate a smoother carding action. 
[0130] As shown in FIG. 16C, the guiding parts 252 and 253 and/or the supportive part 254 is 
pipe-shaped and ite has a hollow mskfe interior 271 can be run with heated fluid 273, such as hot 
air, steam or hot water can be run. In this setup, the guiding parts 252 and 253 and/or the 
supportive part 254 is heated by the heated fluid 273 that flows in the pipe and properly heats the 
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bundled fibers and/or carded sheet to heat and soften the sizing agent in the bundled fibers and 

weaken the bonding force to generate a smoother carding action. 

[01311 In the carding machine for the multiple spindle bundled fibers^ as shown in FIG. 16(D), 
the guiding parts 252 and 253 and/or supportive part 254 in the final stage of the airflow carding 
unit have a pipe shape and a slit 274 is eut defined in the part of the pipe-shaped guiding parts 
252 and 253 and/or the supportive part 254 where the slit 274 crosses in the moving direction of 
the carded sheet. Then, the heated air 275 is run inside of the hollow pipe 271 of the guiding 
parts 252 and 253 and/or the supportive part 254, ejecting the hot air through slit 274 towards the 
carded sheet 12a. Due to a cooling sizing agent, this leads to the carding of the reinforced 
filament forming the carded sheet 12a in a uniform interval. 

[0132] More than one of examples in the embodiment the exemplary embodiments of the 

present invention are described above, but the present invention is not limited by these examples 
of the emb o dim e nt . The present invention is intended to include the embodiment comprising the 
description within the spirit and etem appended claims of the present invention. For example, 
while it is described in each embodiment that thickness? t, in spacer 255 and guiding part 256a 
can be varied stepwise, it can also be continuously varied along the moving direction of the 
bundled fibers 12 or carded sheet 12a to continuously increase the width? w, of the traveling path 
for the bundled fibers 12 or carded sheet 12a in a downstream direction. 

[0133] Or depending on the kind of bundled fibers 12, the distance between the sideboards 251 
and 251' of the frames 250 and 250' can continuously fan out towards the moving direction of the 
bundled fibers 12 or carded sheet 12a to continuously increase the width of the traveling path? w, 
for the bundled fibers 12 or carded sheet 12a. 
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[0134] Furthermore, it is described in the embodiment shown in FIG. 4 that more than one 

supporting part 254 is placed in a plane and horizontally in a plane in each airflow carding units 

25a, 25b, and 25c. It is also described in the embodiment of FIG. 6 and FIG, 7 that more than 

one supportive part 254a and 254* is placed in a plane and horizontally in a plane in the 

multistage sequential airflow carding units 25' and 25'a. However, those the supporting parts can 

be placed in a plane and either tilted upwards or downwards along the moving direction of the 

bundled fibers 12 in a single or multistage airflow carding unit. 

[0135] In the above embodiment, an airflow wind tunnel using suction airflow was described, 
but airflow that is blown can also be used. 

[0136] Furthermore, in the above embodiment it is described that the guiding parts 252, 253, 
252', and 253', the space filling common guiding parts 259a and 259b, and the supporting parts 
254, 254a, and 254' 5 are all cylindrical, namely having a constant diameter regardless of the 
length of the direction. However, thesethe parts can have a large diameter at both ends in the 
length direction and a smaller diameter that gradually decreases towards the middle, creating a 
hand drum shape of the guiding parts and supporting parts. Use of these guiding p ar ts and 
supportive parts can reduce the difference in the distance between the center axis line of the 
single fiber of the bundled fibers 12 and the reinforced filament at both ends of the carded sheet 
12a to apply uJarge tension force to the reinforced filament at both ends in the carded sheet 12a, 
as compared to using the cylindrical guiding par ts and supportive parts. 

[01371 In the above embodiment, it was described that multiple supportive parts are used in all 
cases. However, at least one or more supportive parts are acceptable and a single supportive part 
can be used. In this case, the carding effect in the bundled fibers 12 and carded sheet 12a is 
lowered and stabilization of its configuration tends to be more difficult, as compared to the case 
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when more than one supporting part is used. However, as compared to the case in the airflow 

carding unit without a single supportive part, the carding action occurs before and after the 

supporting part to lead not only to substantially smoother carding action, but also to stabilize the 

configuration of the bundled fibers and/or carded sheet because the bundled fibers and/or carded 

sheet is supported by the supporting part. Both the tension applying means and the tension 

applied by the rewind roll to bundled fibers 12 and carded sheet 12a can further stabilize the 

bundled fibers 12 and the carded sheet 12a even if the support is performed by a single 

supporting part. 

1 0 1 38] Furthermore, it was described in the above embodiment that the tension applying means 
16 is placed on each feed roll 13. However, each feed roll 13 can r evolve rotate in reverse and 
instantly apply tension to the bundled fibers 12. For example, it is possible that a pulley be 
installed on the shaft of each feed roll 13 and placed with a belt working as a driving force that 
delivers means for a single driver motor to revolve the roll under low tension in the opposite 
direction of the bundled fibers 12, resulting in-tfee application of an overall constant desired 
tension to multiple bundled fibers 12. A fact that tension is always applied to the bundled fibers 
12 prevents the bundled fibers 12 from loosening and keeps them stretched, when the carding 
process is temporarily stopped. When the carding process is restarted, the initial setup for the 
bundled fibers can almost be omitted. Application of a required tension to many bundled fibers 
12, on the whole, can possibly keep costs down. 

[0139] „ The airflow carding machine for the bundled fibers in the present invention is 
comprised of a feed roll wound with the bundled fibers; the airflow carding unit to card the 
bundled fibers drawn out from this feed roll with the airflow orthogonal m relative to the moving 
direction of the bundled fibers; and the rewind roll to rewind the carded sheet that is carded in 

22 



MARK ED- UP COPY 
OF SUBSTITUTE SPECIFICATION 

the airflow carding unit. Since the said airflow carding unit is characterized by having more than 

one supportive part that is placed at a certain interval along the moving direction of a single or 

multiple bundled fibers, the carding action of the bundled fibers and carded sheet that travels 

over a single supportive part or multiple supportive parts in a short distance is applied. This is 

either applied, at a minimum, twice before and after the supporting part as the carding action of 

the conventional wind tunnel tube, or stepwise and continuously to make the carding reliable and 

of better quality. 

[01401 Furthermore, since the configuration of the bundled fibers or carded sheet is always 
kept constant along the supporting part of the airflow carding unit, it becomes unnecessary to 
have a front feeder upstream of the airflow carding unit, or a fiber height detection unit in the 
airflow carding unit to feedback the fiber height detected to the driver motor for the drive roll of 
the front feeder to adjust for the overfed condition. Therefore, not only are the number of various 
component parts, such as the fiber height detection unit, the front feeder, and its driver motor 
reduced to save parts cost, but also the installation space for these components becomes 
unnecessary, simplifying the composition to achieve miniaturization, weight reduction and lower 
cost. 

[0141] The above effect becomes more pronounced with the increase in the number of stages, 
as multiple airflow carding units are placed in multistage along the moving direction of the 
bundled fibers. Furthermore, when the width of the traveling path of the carded sheet in more 
than one airflow carding unit is increased stepwise or continuously downstream in the moving 
direction of the carded sheet, an orderly response to the increase in width of the bundled fibers 
and carded sheet, along with carding of the bundled fibers and carded sheet in the airflow 
carding unit, achieves smooth continuous carding. 
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[0142] In the present invention, as the shaft of the feed roll of the bundled fibers is placed in 

the vertical direction, even if the feeding position of the bundled fibers that are drawn out from 

the feed roll is altered vertically, there is little variation in the supply position in relation to the 

airflow carding action unit so that the feed roll is not required to traverse towards its shaft 

direction as in a conventional airflow carding machine where the shaft of the feed roll is placed 

in a horizontal direction. This can reduce the required installation space for the feed roll and 

achieve feeding of more than one bundled fibers in the airflow carding machine for the multiple 

bundled fibers, which was previously difficult to achieve, 

[0143] In the above embodiment, a simple airflow carding machine was described in all cases. 
However, the carding machine in the present invention can be used when the carding machine is 
based on fluids, such as water or oil. 

INDUSTRIAL APPLICABILITY 

[01441 The carding machine for the bundled fibers in the present invention can easily and 
reliably card the bundled fibers collected from many reinforcing filaments to manufacture a 
carded sheet. The carded sh e et t hat is manufactured accordingly can be used as the fiber 
reinforced composite material impregnated into a matrix; it has broad application in aerospace, 
land transportation, shipping, building, construction, industrial parts, and sporting goods. 
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